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Synopsis Major adult behaviors of Pieris rapae crucivora BOISDUVAL were 
analyzed functionally and their ecological topics were picked ир (11 sectional 
conclusions), based on the field observation by 'single-individual trailing method’. 
Resting, nectar intake, flying, egg laying and interindividual behaviors were different 
sexually, seasonally and/or age-dependently. In interindividual behaviors, especially, 
functions of ascending fight and abdomen erecting were inferred with relation to age 
and/or population density, and functions of fluttering, wing folding and leaning which 
become effective during copulation as well. Based on 11 sectional conclusions, it was 
made clear that males continued to seek females which need males only once, and that 
consequently males drive females away out of home habitat. 


Introduction 


The Japanese cabbage white, Pieris rapae crucivora BOISDUVAL is one of the most 
abundant butterfly in Japan. An open behavioral catalog of the adult was reported in 
the previous paper (OHTANI, 1985). Based on it, we report here the ecological and 
functional aspects of the major behavior. 

The method adopted in this study can be called ‘longitudinal’ field observation (the 
continulus chasing of a marked individual), which offered us ecologically detailed 
informations, being different from the 'cross-sectional' field observation (time-spot 
one of many marked individuals) (cf OHSAKI, 1979, 1980; YAMAMOTO, 1981a, 1983b ; 
еіс.). 

By our ‘single-individual trailing method’, we could observe some events 
happening to an individual, and record each event on the time-scaled sheet as the 
change of each behavior pattern. The event itself is the actual spot of 'the struggle for 
existence' of the butterflies in an ecological environment. Consequently, we could get 





D А list of the behavior patterns by OHTANI (1985) is shown in Table 1. 
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some ecological inforimations with a qualitative certainty. They are often 
quantitatively poor, but each of them might play the role in a trigger for more precise 
investigations. 


Table 1. A list of behavior patterns with abbreviations after OHTANI (1985). 


________ ш —————-——-—-——— sc 


UNIT BEHAVIORS 


a 


SOLITARY BEHAVIORS INTERINDIVIDUAL BEHAVIORS 
ーー 
Resting (Re) Fluttering (Ft) 

Hanging (Ha) Inactivity (IN) Taking—off (To) 
Sleeping (SI) Wing folding (Wd) 
Self-cleaning (Sc) Leaning (Le) 
Head rolling (Hr) Abdomen erecting (Ae) 
Walking (Wa) Asending fligt (Af) 
Nectar intake (Ni) Chasing (Ch/) 
Feeding (FE) 
Water intake (Wi) Chasing gyration (CG) Being chased (/Ch) 
Excreting (Ex) Gyrating (Gy) 
Female-searching flight (Ff) Swarming (Sw) 
Laying flight (Lf) Prenuptial flight (Pf) 
Escaping flight (Ef) Flying (FL) Type-1 (Pf-1) 
Wandering flight (Wf) Type-2 (Pf-2) 


Roost-searching flight (Rf) 


TO Ow ee 


TEMPORALLY INTEGRATED BEHAVIORS 


АА ——————————————————— 


Egg laying (El) | Mating (Mt) 
Laying flight (Lf) Prenuptial flight (Pf) 
Drumming (dr) Keeping closed (kc) 
Pressing abdominal tip (pr) | Paralleling (ра) 
Oviposition (ov) Catching wings (cw) 


. Grasping genitalia (gg) 
Nuptial flight (nf) 
Copulation (co) 


Pair-bond flight (bf) 


NN ees 
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Material and Methods 


Study area 

We observed adult behavior in the campus of Hokkaido University (F ig. 1) which 
consists of 3 important vegitations for the butterfly ; crop fields, abandoned areas with 
weeds, and patches of wood (cf. YAMAMOTO, 1981b). In abandoned areas and among 
crop fields, there are a lot of bushes of the exotic mustard, Rorippa sylvestris which is 
the main foodplant for larvae of Pieris rapae crucivora and P. napi nesis (cf. 
YAMAMOTO, 1981b). 

We changed the releasing point (Fig.1, A to В) of marked individuals with a 
reason for cultivation of the Farm (College Experiment Forests, Hokkaido Univ.), on 
5 July in 1976. 

Additional data on mating behavior (cf Table 11) were obtained at the same 
campus in 1980, and at the 2 cabbage fields in Tabira-chó (Nagasaki Pref., northern 
Kyushu) in 1981. 
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Fig. 1. Study area, the campus of Hokkaido University. A. First releasing point from April to 
June; B. Second one from July to September. All buildings (black) are lower than 20 m. 
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Table 2. Individuals observed continuously. Question marks mean uncertainty. 
Ages with question marks were assumpted on the basis of physical condition 
of individuals wings. The ages of 4 females ($20, $21, そ 23h, そ 17) were based 
on our observations that females mated with males within a day since 
emergency (except early spring). 


a —-—-—-—— 


Indivi- Total Observation 








dul pru aeons Days observed -------- neues started к. 
code Age Date observed from 
ーー 
92 h 7—9 Apr. 25—27 16.6 virgin pupa 
91 h 4(?) May 9 1.9 mated adult 
910h h 1,2 Мау 9,10 8.4 virgin pupa 
913 h 2(?)—4(?) Мау 13—15 14.0 mated adult 
915 h 3(?), 4(?) May 19,10 6.2 mated adult 
920 h 2,13—16 May 27, Jun. 7-10 14.0 mating adult 
921 h 1,2 May 27,28 4.4 mating adult 
923h h 2 May 29 4.0 mating adult 
Q22h h 2,4 May 30 2.5 mated pupa 
TOTAL. (9 females)--- ーーー バー で で ーー 72.0 ーー ポー ザー デー ジン の ーーー バー 
93 1 2,3 Jun. 25,26 14.5 virgin pupa 
94 1 2 Jun. 30 6.0 virgin pupa 
95 1 3-5 Jul. 1-3 25.6 virgin pupa 
910 1 1-3 Jul. 6-8 17.1 virgin pupa 
917 1 2-8 Jul. 12-18 25.4 mating adult 
922 1 2:3 Jul. 18,19 5.8 mated pupa 
923 1 7,8 Jul. 23,24 12.8 mated pupa 
ТОТА (7Hfelame9 に ーー ジー で ーーー ジー マリ ーー 0 た 2 て ドド ーー イー トト ジコ コト ーー コーF 
926 2 4,5 Jul. 29,30 20.4 mating pupa 
941 2 1,2 Aug. 6,7 17.9 mating pupa 
950 2 1Q) Aug. 14 3.0 ? adult 
947 2 10-19 Aug. 17-26 51.0 mated pupa 
TOTAL. (4 fenialós) se sr tare ee eon ener ee Сан оа ааа 
ーー ニー ニー ニー ニー ニー 
33 h 2(?)—-6(?) Apr. 28 — May 2 11.8 ? adult 
G8 h 3(2)—-80) May 3-8 19.1 ? adult 
di2h h 2 May 11 2.2 unmated pupa 
d16 h 6 May 24 4.9 1 pupa 
TOTAL (4 males) ---------- HM ÁMÁMáMáám 38.0 -----——————MMMM 
37 1 4 Jul. 4 5:7 ? pupa 
$12 1 2—4 Jul. 9—11 18.1 unmated pupa 
824 1 1—3 Jul. 19-21 20.4 unmated pupa 
dll 1 15, 16 Jul. 21.22 2.4 9 pupa 
TOTAL (4 males) ーー fM 46.6 «HMM 
827 2 3-7 Jul. 31 — Aug. 4 33.9 unmated pupa 
345 2 8,21—-23 Aug. 14,27—29 12.9 ? pupa 
d29b 2 18(2)-200) Aug. 15—17 ` 11.9 9 adult 
TOTAL (3 maleS) HM SBT :exdaioeh инн б а чийе значет наан 
GRAND TOTAL (31 individuals) 414.8 (99: 271.5; dd: 143.3) 





h: post-hibernating generation; 1: first one; 2: second one 
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Butterflies 

In Sapporo, Pieris rapae crucivora produces 3 generations per year ; the post- 
hibernating generation (G。) in May to June, the first one (G,) in July and the second one 
(G;)in August. Relative abundance of adults per day is G, << G, < С, on the campus 
of Hokkaido Univ. (cf. YAMAMOTO and OHTANI, 1979; YAMAMOTO, 1981b). 

Individually marked adults (11 males and 20 females) were observed in 1976. Table 
2 shows the details of observed individuals. The data of older individuals were often 
omitted because of a poor number of individuals observed for the analysis. 


Observation 

We adopted the 'single-individual trailing method': we release one marked 
individual, trail it at the distance of several meters", check all the behaviors of it (often 
by a binocular) on the time-scaled data-sheet and continue the observation day after 
day. After it died or disappeared, the same method was repeated for other marked 
adults. 


Results and Discussion 


Ecological or functional aspects of 7 behavior patterns are described and discussed 
here. The sectional conclusions are condensed in 11 successive summaries (S-1 to S-11) 
which are given by italics in the text. They are referred to General Discussion. 


1. Resting (Re)? and resting site 

There is a little difference in the distribution pattern of the duration of Re between 
sexes (MANN-WHITNEY's U-test and Two-sample median test?, not significant). 

The plants and other objects used for resting sites are shown in Table 3. In spring 
(=G,), when the plant cover was still poor, 4 plant species were frequently used 
(Petasites japonicus, Rorippa sylvestris, Eringeron annuus and Remex obtusifolius). 
Among them Petasites was more frequently used by males than by females, while 
Roribpa vice versa. The number of plant species for resting site increased from spring 
to summer in parallel with the seasonal enrichment of vegetation. 

There was a sexual difference in plant preference ; females preferred oviposition 
plants (Rorippa, Raphanus and Sisymbrium) for resting sites more than males did. On 
the other hand, males more frequently visited the second group of plants in Table 3 
than females. Artemisia, Phytolacca, Solanum, Cirsium and Petasites have leaves with 
whitish undersides. 

In this connection, the color difference between Chenopodium album and C. album 
var. centrorubrum should be mentioned. The undersides of leaves of both varieties are 
whitish, but the upperside of centrorubrum wears reddish powdery hair, while that of 
album whitish one. The former was commoner and visited by both sexes, wheras C. 





D Trailing without disturbing its behavior was shown by ROOT and KAREIVA (1984) who 
compared with the behavior observed from top of two 10-m towers. 

? Re includes 'sun-bathing' and ‘sun-avoiding’ (cf. OHTANI, 1985) 

9 of. ISHII (1975), pp. 107-109. 
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The Adult Behavior of the Japanese Cabbage White. 
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Table 5. Observed cases of flower visits (V) and total durations (D) of nectar intake (Ni). 
Gn 
B V : D 
| ss dó | 99 88 
| | 0 0 | 0 0 336 37 i 2805 
Raphanus raphanistrum (30.6)€? (14.6) (8.1) (8.9) 
| | 2 0 30 0 165 54 : 5450 765 
ОПЕРЕН (1.6) (0.4) (15.00 (21.3): (15.7) (11.8) 
Brassica campestris Napus 0 0 0 0 a GT o ae 
Sisymbrium officinale 9 0 9 9 0 (0 4j : 0 TA 
Armoracia rusticana 0 0 0 0 (0 D : i05) 
ET REC RST ee ЕНИ ———ÁÁ— € кес сс 
eee: 2 0 4 30 0 540 113 : 9180 1665 
Total (oviposition plants) (1.6) (0.4) (49.2) : (26.5) (257) 
の m 87 48 | 4575 2655 125 47 : 9235 1815 
Ое (68.0) (81.4) i (61.9) (80.3) | (11.4) (18.5): (26.7) (28.0) 
Trifolium pratense 9 2: : qo 195 7 j 6105 22 
р (3.4) | (11) | (97 (2.8)! Q7.6) (1.5)** 
Pinos 0 1° 0 20 126 37 : 3705 1220 
Я (1.7) i (0.6) | (11.5) (14.6): (10.7) (18.8) 
Rudbeckia laciniata Р 9 : " 2 " 9 
rm 0 0 0 0 58 0 : 3190 0 
Trifolium repens (5.3) : (9.22)? (0.0)? 
ККЕ ТЕО 7 0 : 875 0 45 7 825 255 
n (5.5)? (0.09: (11.8)** (0.0) (23) (3.9) 
Phytolacca esculenta 9 9 : 0 ч 
Medicago sativa р Š 9 9 
Stachys Riederi р о | 0 9 
Mr: 4 2 i 1100 215 о; 
Petasites japonicus (3.1) (3.4) : (14.9) (8.3) : 
Glechoma hederacea grandis cd (0 M ds 9 . : 
on 18 6 | 635 320 52 43 : 1010 1440 
ers 141) (10.2) (8.6) (9.7) | (4.7 (16.9) (2.9)** (22.2)** 
PE ME 126 59 : 7365 3305 558 141 :25455 4825 
otal (other plants) (98.4) (100.0) | (99.6) (100.0) | (50.8) (74.3) 
128 59 7395 3305 1098 254 134635 6490 


Grand total 


(100.0) (100.0) ' (100.0) (100.0) 


ーー 





(100.0) (100.0) (100.0) (100.0) 











No. spp. : Total (no./indiv.) 8 











4 i  10(.9) 
Duration/visit : 57.8 55.7 
Significantly different between sexes: *P«0.05; *"P«0.02; **P<0.01; 
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Percentage ratio is given in parentheses. 














Duration/visit 





D (seconds) (seconds) 


603 621 | 5615 6000 939 658 1597 : 8420 6575 14995 


9.0 10.0 
(56.6) (44.7) :(22.3) (24.0) |(41.0 (38.6) (40.0 : (12.5) (189) (14.7) 
25 0 : 360 0 192 54 246 i| 5840 765 6605 | 304*? 14.2*2 
(2.3) : (1.4) (84) (32) (62) i (8.9)* (2.2)* (6.5) 
21 ] : 315 5 59 22 81 : 1230 305 1535 | 20.8 13.9 
(2.0) (0) i: (1.2) (0.0) | (26) (13) (20) ) (1.8) (0.9) (1.5) 
9 0 : 95 0 9 1 10 i 95 25 120 | 10.5*? 25.0*2 
(0.8) : (0.4) (0. (0.1) (03) : (01) (0.1) (0.1) 
0 0 : 0 0 1 0 p 10 0 10 | 10.0 = 
(0.0) (0.0) i (0.0) (0.0) 


658 622 : 6383 6005 1200 735 1935 : 15595 7670 23265 13.0 10.4 
(61.7) (44.7) : (25.3) (240) (52.4) (43.2) (48.4) : (23.2) (22.1) (22.8) 

120 136 : 5890 4190 332 231 563 : 19700 8660 28360 29:3" 37.5* 
(11.3) (9.8) :(23.4) (16.8) |(14.5) (13.6) (14.1) ; (29.3) (24.9) (27.8) 








135 489 :5575 12000 | 241 498 739 111680 12130 23810 | 48.5? 2449 
(12.7)? (35.2): (22.1) (48.0) |(10.5)*? (29.2) (18.5) i (17.4)*? (34.9)*? (23.3) 

29 21 : 345 255 155 59 214 : 4050 1495 5545 | 26] 25.3 
(2.7) (1.5) i (1.4) (10) | (68 (3.5) (5.4) ! (60 (4.3) (54) 

105 2 16640. 25 105 2 107 : 6640 25 6665 | 63.2*? 12.5? 
(9.8)? (0.1)?:(26.3)** (0.0*^| (4.9* (0.1)* (2.7) : (9.99? (0. (6.5) 

2 6 | 10 65 60 6 66 : 3200 65 3265 | 53.3*4 - 10.8*° 
(0.2 (04): (0.0) (0.3) | (26 (04) (17) i (4.8)* (0.2)* (3.2) 

0 4 : 0 150 52 11 63 : 1700 405 2105 | 32.7 36.8 
(0.3) : (0.6) | (3.3) (06 (1.7) } (Q5 2) QD 

0 57 i! . 0 1670 0 57 57 n 0 1670 1670 uà 29.3 
(4.1) : (0.0*? (6.7)*? (3.8) (1.4) i (0.0*  (4.8)* (1.6) 

0 1 : 0 20 33 1 34 : 1090 20 1110 | 330 20.0 
(0.1) | (0.1) | (1.4) (0.1) (09) : (16 (01) (1.1) 

10 33 : 285 520 23 33 56 : 580 520 1100 | 252 15.8 
(09) (24) i (11) (5.1) | (1.0) (1.9) (14) : (09) (15) (11) 

0 о: 0 0 4 2 6 : 1100 275. 1375 |275.0*%® 137.5 ** 
' (0.2) (0.1) (06) ; (1.6) (08) (1.3) 

0 0 € 0 0 10 0 10 : 180 0 180 | 18.0 - 

: (0.4) (0.3) : (0.3) (0.2) 

19 : 80 75 77 68 145 | 1725 1835 3560 | 224 27.0 





7 
(0.7) (1.4) : (0.3) (0.3) | (3.4) (4.0) (3.6 : (2.6) (5.3) (3.5) 






















408 768 11885 18970 |10920 968 2060 151645 27100 78745 | 473*  280* 
(38.3) (553) (747) (76.0) |(47.6) (56.8) (51.6) | (76.8) (77.9) (77.2) 
1066 1390 125210 24975 
100.0) (100.0) (100.0) (100.0) 


エー ーー 
П 


15 23 | 27(10.1) 





2292 1703 3995 167240 34770 102010 29.3 20.4 
(100.0) (100.0) (100.0) :(100.0) (100.0) (100.0) 

















36 30 45 | 45(5.5) 








29.3 20.4 25.5 


1 
ーー トニーーー ニ = 








*P ぐ 0.001 
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album, being scarce, was more frequently visited by G2@ than Сб, €, probably due to 
its coloration. In general for Re, males were attracted by whitish plants, while females 
by oviposition plants, probably due to their different urge. 

This conclusion can be extended to dead plants, stones and soil. In spring the 
males (G, &) rested оп the whitish dead plants (16.8%), whitish stores, broken pieces of 
chinas or glitering glass, and cans (33.6%), which were exposed when the plant cover 
was sparse. G」。 の preferred most whitish leaves, and rarely rested on dead leaves and 
soil or stones (С, : 2.196, 6.5% ; Go: 0.3%, 5.3%). С. ® rested on stones and soil as 
much frequently (33.7%) as Gr @, and Gi; € also preferred stones and soil to rest (14. 
4%, 11.6%), because the summer females often visited farms and gardens for egg 
laying, where they had more chance to rest on soil and stones. 

S-1: Males tend to rest on whitish plants and objects, while females on oviposition 
plants. 


The sexual difference in preference of resting sites was also observed as to the 
plants which are neither whitish nor used for oviposition (3rd group in Table 3). It was 
partly attributed to the different height among these plant. The most contrasting 
case: Helianthus tuberosus (30 — 300 cm high) was more preferred by males than by 
females, while Plantago asiatica (5 - 50 cm high) vice versa. Even on oviposition plants, 
the highest species, Armoracia rusticana (60 - 130 cm in G;) was more preferred for 
resting (Re) by males than by females. The sexual difference is exemplified in Table 
4 by the record of 2 older individuals. In a single species, C. album var. centrorubrum, 
females rested on the lower part, while males on the upper part. We often observed 
a similar tendency in other adults. 

S-2: Males tend to rest on higher sites than females. 


As shown in Table 3 bottom, females used larger number of plant species as the 
resting site than males did (Съ: 26 vs 10; G, : 46 vs 30), but the difference became 
smaller toward autumn (G。 : 35 vs 30). This may be caused by the sexual difference in 
resting habit for height and vegetation. In spring there were few tall species preferred 
by males. After many plants grew high in early autumn, however, females could use 
not only lower plants but also lower parts of tall plants. 

A result supporting S-2 was obtain by YAMAMOTO (1983a) who measured the 
height above the ground on resting (Re), flying (FL) and nectar intake (Ni): 17.9cm ( づ ) 
-8&1cm(9)in Re (p<0.1), 49.6 (2) – 33.2 (Ф) іп FL(p«0.1, 31.8(8)-17.9(9)in Ni 
(р< 0.05), respectively. 


2. Plants for nectar intake (Ni) 

Table 5 presents the record of flower visit for Ni, separately for each sex and 
generation. Number of total visits (V) and total duration (D) of Ni were respectively 
compiled. Some nectar plants were significantly preferred by either females of males. 
Females: Raphanus (only in Gi, V), Rorippa, Rudbeckia, Trifolium repens, Geum (only 
in G,) апа Glechoma (only in Gy, V); Males: Trifolium pratense (only in Gs, V), 
Phytolacca and others (only in Gi). Raphanus and Rorippa are ovipositon plants and 
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Phytolacca is a plant with whitish leaves. It probably relates to S-1. Plant heights of 
Trifolium repens is lower (10 – 30cm) than T. pratense (30 - 60cm). It may relate to S-2. 
However, neither S-1 nor S-2 can elucidate why Rudbeckia, Medicago, Geum and 
Glechoma were preferred by females rather than males. 

The important nectar plants (V+D, G$--99)in each generation were 
transitional: Taraxacum, Petasites and Geum in Gy : Raphanus, Rorippa and Erigeron 
in G,; Raphanus, Rudbeckia and Trifolium pratense in Go. 

The duration per flower visit was shorter in males than in females on 10 cases out 
of 14 (6 out of 10, significant in y?-test ; see the last column of Table 5). Its variance 
was significantly different from that in females (F-test, p< 0.05). 

S-3: For nectar intake (Ni), females tend to stay for longer time on flowers than 
males. 


OHSAKI (1979) reported 27 species as ‘adult nectar plants’ of P. rapae crucivora 
observed in Honshu (Aichi Pref). In our result, a total of 45 plant species were 
recorded but the average number of plant species utilized by an individual was much 
smaller (Table 5). The difference between OHSAKI’s and our result may depend upon 
the difference in census methods rather than in localities (cf. Introduction). Our result 
included more plant species sporadically visited than OHSAKI's. Trifolium pratense 
and Evineron annuus were 2 most important food sources as well as in OHSAKT's. 
Beside them Taraxacum officinale, Raphanus raphanistrum and Rorippa sylvestris were 
also important in Sapporo (Table 5). 


3. Flying (FL) 

The duration of FL includs wandering flight (Wf), female-searching flight (Ff) and 
escaping flight (Ef). Their flight pattern could not be easily distinguished during 
trailing. 

The percentage frequency of time spent for FL is plotted in Fig.2, to grasp a 
simple outline of its distribution pattern. The data from older individuals were omitted 
to avoid the influence by age (cf. next section). The distribution patterns shown by the 
6 blocks in Fig. 2 were significantly different each other except G, (a) - Gr (b) (either? 
KOLMOGOROV-SMIRNOV 2-sample test or Two-sample median test) But the 3 
distribution curves within a block were similar to each other except for b (Gr vs Gi, 
G5), d (Ga vs G,, G;) and е (С, vs Gy, G2) blocks (both? KOLMOGOROV-SMIRNOV 2- 
sample test and Two-sample median test). 

Flying (FL) contained 2 main behavioral sequences: FL after resting (Re > FL) 
and FL after nectar intake (Ni > FL). 

Re > FL (Fig. 2, left): Most FL of egg-laying females were wandering flight 
(Wf), which was used to move from one laying site to another, lasting over 10s (Fig. 2, 
a) as well as a searching behavior. FL of non-laying females consist of many short Wf 
(Fig. 2, b; except G, discussed later). The frequency distribution in males (Fig. 2, c) 
was different from that in females. The percentage of 30s-or-more FL is very high. 





D Lenient criterion for difference. 
2 Severe criterion for similarity. 
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Fig. 2. The frequency distributions of time spent for flying (FL) after resting (Re) (a-c) or nectar 
intake (Ni) (d-f), based on the data of younger adults: laying females (a and d), non-laying 
females(b and e) and males(c and f). The difference was significant by 
KOLMOGOROV-SMIRNOV 2-sample test and Two-sample median test (ISHI, 1975) except for 
a part of b, d and e. 


It suggests that most FL of males are female-searching flight (Ff), because we often 
observed that the duration of Wf was almost within 5 s, whereas that of Ff is variable, 
mostly over 10 s. 

Ni ^ FL (Fig. 2, right): Short Wf is plausible because of short distance from 
flower to flower. Accordingly, the frequency distribution in Ni > FL transition skews 
to the shorter side than in Re > FL. 

The difference іп FL-duration among generations was obscure in males, but in 
egg-laying females the duration tended to skew to the longer side in Ga than С». This 
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probably relates to the scarcity of flowers for nectar intake (Ni), and of plants for egg 
laying. It may depend on the appetite behavior governed by hunger urge and 
egg-laying one. An unsatisflying appetite behavior will result in a long flight. 

The longer-side skewing in G, (cf Fig. 2, b, d) is related to MIYAKAWA's study. 
MIYAKAWA (1976) found that P. rapae crucivora preferred grassland to bare ground. 
Accordingly, the butterflies in G, must navigate among ‘islands’ of grasses or flowers 
in the sparse plant cover in early spring. 

5-4: The durations of flying (FL) are significantly different between egg-laying 
females, non- laying ones, and males. 


Actively flying males were attracted by various whitish objects, and often made 
contact with them. The most attractive object (11 out of 50 cases) was the cocoons of 
Apantelles glomeratus, the parasitoid wasps of Pieris, being probably caused by their 
mere abundance. The following items are whitish objects that attracted males: Dead 
leaves of Chenopodium and Artemisia (6 cases), pieces of white pottery (4), fuzzes of 
dandelion (4), onion heads (4) egg chambers of clubionid spiders (3), undersides of 
Chenopodium and wheat (3), white cocoon of a small moth (1), white flower of Common 
Bind Weed (2), white cap of a bottle (1), white feather of a bird (1), and stub of grass 
(l. OBARA and HIDAKA (1964) also reported that flying males approached to and 
contacted with whitish objects. These flying habits of males may increase the chance 
of resting on whitish objects (cf. S-1). 

5-5: Flying males ave attracted by any whitish objects. 


4. Age-linked difference in interindividual behaviors 

Relative frequencies of 3 patterns in chasing gyration (CG), i.e. chasing (Ch), 
being chased (/ Ch) and gyrating (Gy), varied with age in both sexes of С,» (Table 6). 
Observed cases of interindividual behaviors in G, were so few (cf. Table 9 and 10) that 
the data of G, were omitted in this section. Males and younger females showed higher 
frequencies of Ch/ and Gy; especially males were apt to chase eagerly other 
individuals, whereas older females were more passive (significant only in /Ch). For 
example, younger males (212 and の 27) very frequently gyrated with other younger 
males, and sometimes chased females and older males, whereas some older females (е. 
g. 9 47) were frequently chased by or occasionally responded with Gy to others. 

The clear sexual difference was found in the relative frequencies of CG (Table 6 ; 
left). In older females: the order is Ch/< Gy « / Ch (9.0 – 24.4 - 66.7%, x?-test, p« 0. 
001); in younger males: /Ch« Ch/ < Gy (7.9 -12.0 – 80.2%, p<0.001). The former 
might mean a passive female-life (the frequency of being chased (/ Ch) is the highest), 
while the latter an active male-life. On the other hand, the order (СА/< / Ch « Gy) was 
similar between younger females (20.2 — 31.5 ~ 48.396, p « 0.01) and older males (9.5 - 27. 
6 — 62.9%, p« 0.001). This may relate to a stronger flight power of younger individuals 
than older ones. 

There were also some age-linked differences in responses of non-flying individuals 
(Table 6, right). In the relative frequency, the older males were less active than the 
youngers. Frequent fluttering (Ft) in the older males means that they oftener rested 
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than the younger males. In older females the observed frequency of taking-off (To) 
was lower, and that of abdomen erecting (Ae) higher than in younger females. 
Generally, older individuals became more passive(or more sedentary)than the 
youngers. 

5-6: Older individuals are more sedentary than younger ones. Especially, older 
females more frequently exhibit abdomen erecting (Ae) than the youngers. 


Ascending flight (Af) were observed almost exclusively in younger individuals (13/ 
14, Table 6) in G,,. The average age of the individuals which performed Af was 3.6 
days (Table 7). 

SHAPIRO (1970) reported Af of Pieris females as ‘ascending male-avoidance 
flight’. Similar function, to curtail male courtship attempts, was suggested in Colias 
(RUTOWSKI, 1978) and in Agapetes butterflies (SONNTAG, 1981). In our observations, 
females took Af after abdomen erecting (Ae) in 7 cases ($10, 922, 910, 917 and 2 
26, Table 7), suggesting a male-avoidance function. And we observed 2 cases that a 
male (12h or 4\12) performed Af like as a female after being chased by another male. 
Consequently, Af may be regarded as a kind of escaping flight (Ef). Moreover, 327 
was chased by a dragonfly and ascended about 5 m high above the ground. 

SHAPIRO (1970) studied populations of Pieris protodice and suggested that a 
frequent sexual interaction in a dense population made a mated female emigrate from 
home habitats and colonize in new habitats. In our P. rapae crucivora, we sometimes 
(4/11) missed a marked female after Af (Table 7), because the female continued to 
ascend even after the male returning. The behavioral sequence before Af (Table 7) 
shows that Af is related to chasing (Ch/) or being chased (/ Ch) (12 out of 19 cases). 
Not older females but younger ones avoided males with Af. Furthermore, according 
to OHSAKI (1980), younger females show a migratory flight, and reproductive females 
and all males are strongly resident within suitable habitats. Similar result was got in 
our study. YAMAMOTO (1981a) already reported that the duration of stay in home 
habitat was longer in males than in females. The average duration of stay within 
concentric circles (100 to 900 m in diameter) from the releasing point were 3.1 days 
(100m) — 6.5 (900m) (G, @), 6.0 - 7.3 (С, 4), 14.0— 16.3 (6, 8), 2.8 — 4.8 (6.9), 3.0 - 4.1 (С, 
92)and 4.4-6.2 (6, Ф). Consequently, it is suggested that younger females tend to 
emigrate from home habitats. 

YAMAMOTO (1983b) studied the relationship between sex ratio and flight Aca 
in P. rapae crucivora, comparing with P. napi nesis, which adopts no Af as male- 
avoidance behavior. 'The former showed more male-biased sex ratio and earlier 
emigration of young females than the latter species. 

5-7: Ascending flight (Af) is found between younger individuals, which probably 
results in emigration of younger females from home habitats. Younger females, which 
exhibit more Af than older ones, may be expelled by sedentary males out of home 
habitats. 


5. Sexual and seasonal differences in interindividual behaviors 
Most resting females responded with leaning (Le) to the approaching conspecific 
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adults, other butterflies, other insects in flight, and even any moving objects, e.g. a 
thrown stone and a fluttered insect-net (observed in €10, Aug. 7) but Le was released 
most easily and strongly by the conspecific males approaching within a range of 30 – 
50 cm (cf. Table 8). 

From our observations of marked females, we got the following generalization: А 
resting female with her wings opened first exhibits wing folding (Wd)to a male 
approaching at 20-150 cm distant before Le. But Le sometimes appears on the way 
of Wd by a sudden appearance of a male within 45 cm. On the other hand, abdomen 
erecting (Ae), the posture being contrary to Wd, is the reaction to males approaching 
within 20 cm (cf. Table 8). 

Weak leaning (Le), twitching of wings or body and no response were often 
observed when males were at 20-100 cm distant, and probably caused by the 
reciprocal prevention of the different movements between Wd and Le which have the 
equal values of the median in the distance of approaching males(Table 8, last 2 
column) As Ae have different medians from Wd and Le (5.4 cm, 60.0, 47.2), the 
medidan of incomplete Ae (19.3 cm) suggests the prevention by Wd or Le. 

A confused case was observed: In €10 on July 8, Ae was first released as a 
response to the sudden appearance of a male at a close distance, then successively 
followed by Wd and Le after the male flew away. 

S-8: A female responds with wing folding(Wd) or Іеапіпе (Ге) о a male 
approaching at 20-150 cm distant whether or not the male is aware of her, and with 
abdomen erecting (Ae) to a male perceiving and approaching her within 25 cm distant. 


Non-flying younger individuals (Table 9) or flying younger ones(Table 10) 
interacted with conspecific ones, different butterfly species, other insects and moving 
objects (men, cars, grasses, etc. ) The data of older individuals were omitted, because 
they are few. 

Adult butterflies of G, appear from late April on the study area, and reach a peak 
in number in late May or early June. The population density per day in б, (early July) 
increases over twice as many as G,, then that in С, (mid August) decreases slightly, 7. 
е. G,««X G,Z G; (p« 0.001 at the peak between G, and G,, p «0.1 between С, and G;, 
Cf. YAMAMOTO and OHTANI, 1979). If each of interindividual behaviors is based on a 
random encounter, the seasonal change of its frequency would become parallel with the 
above order. However, non-parallel cases are found in Tables 9 and 10: Non-flying 
females most frequently exhibited Ae in G。 of 3 generations (Table 9, b), and they were 
most frequently approached by males in G; (f) ; Flying females were most frequently 
chased by males in G, (Table 10, b, h), flying males happened to meet Colias most 
frequently in G, (К) (These are probably caused by the sedentariness in G。-males) : 
Flying males were fluttered more frequently by resting males in G, (Table 10, f) (this 
is probably caused by the poor growth of vegetation in Ga); Both sexes happened to 
meet P. napi nesis most frequently in G, (Tables 9, h and 10, j) (this may be related to 
the decrease of clear habitat segregation between P. rapae and P. napi, which is caused 
by the poor vegetation in G,). 

Some resting males responded to approaching objects with Ft, not with Le as in 
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females. The relative frequency of Ft was highest in G, (Table 9, с), probably related 
to the scarcity of roosting sites in spring. An male in roosting flight (Rf) sometimes 
released Ft of roosting males nearby. 

The total observation time of interindividual behaviors in non-flying females is 
2.80 times as much as that in non-flying males (Table 9, n), while that in flying males 
3.73 times as much as that in flying females (Table 10, n). Grand total is 498,575 s 
(females) and 285,615 s(males) 1.75: 1.00. Accordingly, the relative frequency of 
interindividual behaviors must be standardized by the observation time. It was 397 
(694/1.75) in females, and 1,206 in msles. Generally, males are more active than 
females, and interact with other individuals about 4 times as much as females do. 

S-9: The frequency of interactions among males is significantly higher than that 
among females in every generation. This difference is due to higher activity of flying 
males. The order of the frequency of every behavior involved in the interactions does 
not always coincide with order of the population density (бъ << С, > С»), possibly caused 
by behavioral difference in males between G, and Gp. 


6. Mating behavior and the activily of males 

The copulation was observed 10 times in 1976 (Table 11). The average duration 
was 5,090 s, except for 2 very short cases (€2: 1,220 s, 210h: 2,680 s). These 2 cases 
may mean an incomplete mating, as the partner males chased 9 2 and a female of Р. 
napi nesis, respectively, just after the end of copulation. 

SUZUKI (1976b) reported multiple mating of P. rapae crucivora and estimated the 
average number at 2.84 times per female. We observed 9.13 which mated after laying 
about 100 eggs. At 9:46 on May 15, 9.13 in resting (Re) did not refuse mating (Mt) with 
a male. Seemingly, she failed to exhibit abdomen erecting (Ae) by his sudden approach. 
After this mating, 913 continued hanging (Ha) for 5,080 s. Possibly, this was a case of 
multiple mating, though there was a doubt that 913 was a virgin and laid unfertilized 
eggs. 

In a dragonfly, Sympetrum parvulum, UEDA (1979) reported the prolonged 
copulation time due to the interference by males in a dense population. In our 
butterfly, too, the interference by males seemed to lengthen the copulation time (Table 
11). We also observed an abnormally long copulation lasting over 6 h (July 9). This 
pair was unable to detach even after being captured. 

Therefrom, we observed additional 21 cases of Mt at the campus of Hokkaido 
University, Sapporo, in 1980 and at the field in Tabira-chó, Nagasaki Pref., northern 
Kyushu in 1981 (cf Table 11) Judging from correlation coefficiences between 
copulation time and interferences by males (bottom of Table 11), fluttering (Ft) of 
males to approaching males causes the prolonged copulation (r=0.9055, p« 0.01). 
Further examination of the data, very low value of correlation coefficience is showed 
in the number of Ft under 25(r—0.2825, 0.1« p) This suggests a function of the 
driving-away in Ft (cf. OHTANI and YAMAMOTO, 1980). Too much frequent Ft, which 
is caused by the interferred in a dense population, however, prevent the copulation 
from completion. When Fi was counted up to 207 times, the copulation time was 
prolonged up to 7.4 h (Table 11). 
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Table 11. The records of the mating of Pieris rapae crucivora in 1976, 1980 and 1981. Those in 
1980 were collected at the same campus of Hokkaido University (Sapporo) as in 1976. The 
data in 1981 was at Tabira-chó (Nagasaki Pref)in northern Kyushu. Pf: Prenuptial 
flight. DC: Duration of copulation. NFt: The number of flutter response by the mating 
male. Nbf: The number of taking-off by the mating pair. Dbf: Total dutation of 
Pair-bond flight (bf). 




















Individual Age Date Time Pf-type! DC Interference during copulation 
code in days (start) -(duration, s) (s) NFt Nbf Dbf (s) 
92 : 8 Apr. 26 11:14 1-( 35) 1,220 0 0 0 
910h 1 May 9 13:58 2-( 20) 2,680 0 0 0 
913 4 May 15 9:46 omitted 5,385 Т * * 
93 А 3 Jun. 25 12:10 2-(120) 5,435 1 5 35 
4 2 Jun. 30 13:32 2-( 15) unsuccessful ー = = 
13:32 2-( 5) 4,290 1 2 60 
95 © Jul. 1 7:54 1-( 30) 5,250 * T $ 
910 e 1 Jul. 6 12:50 2-( 15) unsuccessful = = = 
í 13:02 2-( 30) unsuccessful — — ー 
2 Jul. 7 9:52 2-( 25) unsuccessful ー ー -— 
: 9:53 2-( 15) 3,510 Ы T Е 
97 : 2 Jul. 12 9:25 d 5,725 Ы * * 
926 4 Jul. 29 8:30 * : * * * 
941 ' 1 Aug. 6 8:12 omitted 5,570 6 3 40 
Correlation coefficient with DC (1976) MM .6631 .8882 7727 
(statistical significance) (nothing) (p«.05) (nothing) 
92-80 i 4 Jul. 7 10:03 * 10,147 32 17 230 
94 —80 3 Jul 7 10:35 2—( 15) 5,925 20 4 45 
97—80 ' 2 Jul. 8 10:06 omitted 4,750 5 1 5 
98-80  : 3 Jul 8 10:10 1-( 40) 3,490 19 5 45 
917-80 : 1 Jul. 12 10:53 omitted? 7,250 15 1 70 
918-80 : 1 Jul. 13 14:08 omitted? 4,825 6 3 20 
919-80 ә 2 Jul. 14 14:02 2—( 559) unsuccessful ー = = 
の 14:05 2—(120) unsuccessful — — ー 
920-80 7 2 Jul. 14 13:00 2-( 2) 5,500 58 1 5 
921—80 2 Jul. 15 9:43 omitted 5,145 17 2 50 
922-80 3 Jul. 15 9:59 * 15,820 163 23 230 
923—80 3 Jul. 16 13:36 1-( 30) 3,650 15 4 50 
924—80 2 Jul. 15 9:41 1-( 40) 4,630 13 5 70 
926 —80 4 Jul. 16 13:28 omitted 6,235 7 3 40 
928-80 1 Aug.26 13:27 5,610 19 4 65 
Correlation coefficient with DC (1980) == te ream tere Donen sree EU US 8575 .8819 .8642 
(statistical significance) (p< .001) (p< .001) (p< .001) 
91-81 2 May 29 10:14 1—( 10) 4,440 10 2 10 
95-81 | 2 May 31 9:29 omitted? 26,760 207 8 80 
96—81 z 2 May 31 13:37 omitted 11,640 97 1 5 
9?nn-81 Oo * Jun. 1 16:15 * 5,340 3 1 10 
910-81 7 2 Jun. 2 9:29 omitted? 4,290 25 0 0 
911-81 | 2 Jun. 3 11:38 1-( 5) 6,840 96 2 10 
Correlation coefficient with DC (108]) esses нн .9348 .9210 .9388 
(statistical significance) (p< .01) (р<.01) (р<.01) 
Correlation coefficient with DC (all) .9055 .5470 .4832 
(statistical significance) (p< .001) (р<.01) (p«.05) 


*No observation. 

'Type-1 and Type-2 was distinguished by OHTANI (1985). 
? Abdomen erecting (Ae) is exhibited incompletely. 

*'T he falled down from the plant. 
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As the all partner males in Table 11 were unmarked individuals, their age and 
mating experience are unknown. According to OBARA (1983), there is a possiblity that 
the age and multiple mating in males make the copulation time prolong. This will be 
remarked in further investigations. 

Abdomen erecting (Ae) of a female prevents a male from catching wings (cw), that 
is, a male cannot catch the costae of her fore wings widely opened. To test whether 
the pecular posture of Ае prevents not only cw but also other subsequent stages, fore 
wings of a mated female were sticked closedly with adhesive tape. The erection of the 
abdomen prevented grasping genitalia (gg). Ae was able to prevent at least 2 stages of 
Mt sequence. 

5-10: Prolonged copulation is caused by the eager attempt of flying other males, 
but before it becomes more severe in a higher population density, fluttering (Ft) of a 
male in copula is effective for driving an approaching male away. 








© осе 
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Fig. 3. Hovering’ behavior of a male and abdomen erecting (Ae) of a female. A. 941 and an ap- 
proaching male. Three shots were taken successively every 10 s; B. 247 and a hovering male. 
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SUZUKI et al. (1977) reported ‘hovering’ of Pieris melete females and ‘caressing’ of 
P. canidia males respecrively as a species-specific pattern of courtship behavior. 
Further, SUZUKI (1979a) observed, though rarely, the ‘hovering’ also in P. napi 
japonica. In our P. rapae crucivora, too, the patterns similar to ‘hovering’ and 
‘caressing’ were observed in 4 and 2 cases respectively. The available records are not 
yet sufficient, but they are cited below for further advance on the studies of the 
courtship behavior in various species and of the relation between caressing or hovering 
and mating eagerness of males at various population densities. 


August 7, 1976 [12:15] : 241 in nectar intake (Ni) exhibited abdomen erecting 
(Ae) to an approaching male. This male initially stayed in the air at ca. 10 cm high 
above and behind 941 (Fig. 3, A;). Thereafter, he approached slowly (Fig. 3, A;), made 
a several faint contact with €41, then abruptly parted from her, flew around at 10 – 
20 cm above and before her (Fig. 3 A;) and flew away. The whole process took 45 s. 

August 25, 1976 |15:33] : 247 in resting (Re) exhibited Ae to a male who 
approached at ca. 10 cm distant from her. The male parted from her and stayed at 
са. 30 cm above her (Fig. 3, B). After 45 s the male tried to mate with her 3 times 
during 30 s, they flew away. [15:54] : Ae of 247 was also observed at the approach 
of another male, who flew around at ca. 10 cm above and behind her hor 35 s soon as 
92.47 ceased Ae, the male tried to touch ter, which caused Ae again. After ca. 20 s, the 
male exhibited swarming (Sw)with other 2 males approaching nearby. 

August 27, 1976 [13:14] : の 45 chased a flying female, and she landed and 
exhibited Ae. 945 continued hovering at ca. 10 cm above the female for 30 s, and 
furthermore for 20 s after a trial of copulation. Thereafter, as the female took off 
abruptly, の 45 ceased hovering to chase her. 


Two cases of ‘caressing’ behavior were found in Ae of virgin females. 

July 14, 1975 |13:15] : During a virgin female exhibited Ae for ca. 30 s, a male 
did not leave beyond 10 cm from the female and briefly touched her on the wings and 
the erected abdomen. Thereafter, the female folded her wings, but the male flew away. 

August 6, 1976 [8:41] : 941 rested on the leaf after being marked at 7:36 and 
often exhibited leaning (Le) She exhibited abdomen erecting (Ae) to a male 
approaching within 10 cm of her. The male repeated to touch and fly around her 
within a range of са. 10 cm for 80 s, during which she kept Ae. As soon as € 41 folded 
her wings after the male flew away, a new male appeared, landed beside her and 
succeeded to mate with her. 


7. Egg laying (El) and its pattern in each generation 

Egg laying (El) were observed in 17 females on 7 cruciferous species, Rorippa 
sylvestris, Ro. islandica, Sisymbrium officinale, Brassica campestris Napus, Raphanus 
raphanistrum, Ra. sativus and Armoracia rusticana. OHSAKI (1979) reported 7 crucifers 
for P. rapae crucivora in Honshu, northern area of Aichi Pref. The plant species in 
common to the 2 areas are 2 cultivated crusifers, B.c. Napus and Ra. sativus. At our 
Campus field, 83.9% (1,613/1,922) of the observed eggs were laid on Ro. sylvestris. The 
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majority (97.3%) of them were laid on the undersides of its leaves, and only a fraction 
of the uppersides of the leaves (1.5%), or on buds and stems (1.2%) by only 3 females (2 
3, € 5 and 947). 

Seventeen females laid eggs singly and successively on the foliage of crucifers. EJ, 
a temporally integrated behavior, was composed of 4 component patterns, laying flight 
(Lf). drumming (dr), pressing abdominal tip (pr) and oviposition (ov) (OHTANI, 1985 ; 
cf. Table 1). As its sequence was often repeated several times, E/ can be represented 
as п • (Lf > dr > pr > ov). The maximal repeated number (и) was 14 (Table 12). El 
were nearly always followed by Re, i.e. it was usual for a female to rest after egg 
laying. The larger the n becomes, the more widely eggs are scattered, because laying 
flight (Lf) were often migratory. This tendency is compatible with 'egg-spreading 
syndrome' of ROOT and KAREIVA (1984) : females tend to lay eggs singly, to follow 
linear flight paths and to pass over many suitable host plants. There is a higher 
correlation between the average number of eggs laid per hour and the case number of 
2 or more eggs per El than between that and the case number of an egg per El (Table 
12, bottom). Namely, the females which laid eggs successively were apt to lay more 
eggs. 

Time spent for /aying flight (Lf) usually exceeded the duration for the sequence of 
dr — pr — ov which lasted less than 5 s. But the sequence pr > ov was sometimes 
longer in 226 and 47 (са. 20 s in the longest case). The omission of ov, ‘empty 
oviposition’, was sometimes observed in С» (only one case in G,, Table 12, E). 
KOBAYASHI (1966) frequently observed in on June 5 - 9, but we did not from late May 
to mid July. 

Visits (Ze. dr ог pr)to leaves of a non-oviposition plant (Chenopodium album) 
were observed only twice in 923. 

Significant differences between generations were found in D (С, - G;) in Table 12 
(p«0.01, MANN-WHITNEY's U-test). This means that the females in G; are apt to lay 
only an egg or 2 eggs per El. It may be related to the longer average duration for an 
El in С, than in G, or G, (Table 12, B), only no statistic significance. We observed that 
the 3 females in G。 often rested after laying an egg or 2 eggs. 

S-11: Laying more eggs, females scatter eggs successively. This tendency becomes 
obscure in Gs. 


General Discussion 


We got 11 sectional conclusions (S-1 - S-11), from which some sexual differences 
are found. 


1. Males continue to seek females 

The males in nectar intake (М) were apt to stay for shorter period on flowers than 
the females (S-3). The 'restlessness' in males come from the rush toward approaching 
conspecific individuals, in other words, a mating urge of males. 

Other conclusions can be considered from the viewpoint of a mating urge of males. 
Many males in flight approached whitish objects (S-5), and landed on whitish plants 
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(5-1), though they can recognize females by a near-ultra violet component of the 
reflection in their wings (OBARA and HIDAKA, 1968; OBARA, 1970). “After a longer 
passivity of an instinctive behavior pattern, the threshold value of its eliciting stimuli 
sinks" (LORENZ, 1963: 42). The male in a longer passivity would see anything whitish 
as a female. 

Males themselves are whitish. Consequently, they are attractive each other. The 
frequency of interindividual behaviors in males was much higher than in females (S-9). 
This interaction between males relates to the sedentariness in males (cf. OHSAKI, 1980 ; 
SUZUKI, 1980; YAMAMOTO, 1981b). OBARA and HIDAKA (1964) already reported that 
the fluttering (Ft) of a resting male attracted other males flying nearby. 

Furthermore, as the resting site is higher (S-3), males can find more easily other 
individuals than females. 


2. Females need males only once 

Unmated female as well as mated ones often exhibit the mate-avoiding behavior 
(SUZUKI et al. 1977; SUZUKI, 1978). OHTANI (1985) reported the abdomen erecting 
(Ae) by a starved virgin female during nectar intake (Ni). 

For virgin females which are unprepared for mating (e.g. starved, thirsty, soon 
after emergence), some persistent males will be what should be avoided. For mated 
females, of course, males are disused. It is all right for females to meet and mate with 
males only once. If females want to be found by males, they had better jump to males 
and fly ahead of males. Actually, active prenuptial flight (Pf), which is called as 
Type-2 (OHTANI, 1985) distinguishable from Type-1 (SUZUKI et al., 1977), was 
observed more than Type-1 (12 vs 7) in the field condition ( Table 11). 

For the above reason, females lead the mate-aboiding life. In abundant 
vegetation, females rested on lower sites where they are less found by males (S-2). 
Ascending flight (Af) and abdomen erecting (Ae) are main mate-avoiding behaviors 
(5-7). Wing folding (Wd) and leaning (Ге) ате the efforts to be not found by 
approaching males(S-8). Females avoid more interactions among conspecific 
individuals than males do (S-9). 


3. Males drive females away out of home habitats 

The duration distribution of flying (ЕГ) їз clearly different between males and 
females (5-4). As other animals, younger butterflies are more active than the olders 
(5-6). There is clear change in the behavior between younger mated females and older 
ones, but not in males. Younger females avoid males with Af, while older females with 
Ae (5-6, 5-7). Though Ae is a motionless pattern, Af is so emigratory that the female 
keeps to ascend beyond the observer's sight (cf. OHTANI, 1985). 

SHAPIRO (1970) studied the sex ratio in Pieres protodice, observed Af, and inferred 
that Af produce a density-dependent emigration of females. SUZUKI (1980) reported 
the male-biased sex ratio of P. rapae crucivora in emergence site. BERNSTEIN (1980) 
also found the density-dependent changes in sex ratio in Colias lesbia, observed female 
behaviors resembling Ae and Af, and reported that females on many occasions left 
their home habitat after encounters with males. Furthermore, YAMAMOTO (1983b) 
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Fig. 4. A concluding schema on the relationship between the female-searching life in males and 


the mate-avoiding life in females (cf. General Discussion). The each elemental part was 


The arrows with the 


number (1-4) form a positive feedback. The process from emigration of younger females 


supported by 11 sectional conclusions (S-1 - S-11), respectively. 


with ascending flight (Af) to immigration and settlement of older females with abdomen 
erecting (Ae) corresponds to the egg laying curve (YAMAMOTO and OHTANI, 1979). 
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reported a similar change of sex ratio in Pieris rapae crucivora and P. napi nesis. From 
the data of his Table 3, the correlation coefficient between sex ratio and total number 
of observed individuals (20 or more) was led: r—0.5941(p« 0.02, n=17)in P. rapae 
crucivora, т = 0.4655 (0.05 « p« 0.1, n=15)in P. napi nesis. YAMAMOTO (1983b) did not 
observed Af in the latter species. 

Having no direct data that Af is the mechanism produding the density-dependent 
changes in sex ratio, we can have a probable prospect : In a dense population, Af will 
increase ; the denser a population becomes, the more females will be expelled by males 
out of home habitats ; it would give strongly the male-biased sex ratio. 

A male in female-searching flight (Ff) approaches a female regardless of her 
conditions. He tries to mate with even the female in copula. This trial is an 
interference for the mating couple. Mating is accomplished in a home habitat which 
is under the condition of the male-biased sex ratio. We considered the functions of 
wing folding (Wd), leaning (Le) and fluttering (Ft) as a countermeasure by the couple 
to the interference of males(cf OHTANI and YAMAMOTO, 1980) But this 
countermeasure would be ineffectual in a denser population. The intensive reactions 
of the pair in copula prolonged the copulation time unwillingly (S-10). 

It is unknown how the prolonged copulation affects the female behavior (egg 
laying, ascending flight etc.). At least, however, the sedentary tendencies of males in 
a dense population could function as the power getting younger females to displace. 


The above discussion is compatible with an egg-laying curve inferred by 
YAMAMOTO and OHTANI(1979). Here, we present a preliminary schema (Fig. 4) 
supported by 11 sectional conclusions. It would be fruitful as working hypotheses, 
though there are weak points caused by insufficient data, especially on the age and the 
generation. 

Male butterflies always seek females. This well-known and simple habit has 
another function in a natural population: some emigratory power. Males are not only 
carriers of gametes, but also accelerators of female emigration. 
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摘 ze 


野外 で 観察 され た モン シロ チョ ッ 成 虫 の 行動 
П. 主要 な 行動 型 の 生態 学 的 側面 AS 剛 ・ 山 本 道 也 ) 


第 1 報 の 行動 目録 (OHTANI, 1985) に ある 主要 な 行動 型 に つい て , 生態 学 的 な 側面 か ら 分 析 を 試み た ( 行 
動 型 の リス ト は Table D. 
観察 し た フィ ー ル ド は 北海 道 大 学 の 構内 (Fig. 1 ) T, そこ で 個体 追跡 し た の は 31 個体 で ある (Table 
2). 私 た ち が 採 用 し た 「 1 個体 追跡 法 」 で は 特別 な 記録 用 紙 (5 秒間 隔 の スケ ー ル が 横 1 列 に 60 個 並 ん 
で 5 分 , 全体 で 1 時間 の も の ) を 用 いて いる , 記入 の 手順 は 次 の と お り : 観察 し て いる 個体 の 行動 が 変化 
し た と き , すばやく 時 計 の 針 の 位置 を 確認 , 続い て 記録 用 紙 の 相当 する 場所 に 縦 線 を 入れ , すばやく 行動 
型 の 略号 を 書き 入れ る . 

「 結 果 お よび 論議 」 で は 7 節 に 分 けた が , まとまり の ある 結論 に 至っ た と ころ で , 「 ま と め 」 を 挿入 した. 
これ が 斜体 で 書か れ た S-1 - S-11 CHS, 

S-1: オス は 白っぽい 植物 上 で 休息 し , メス は 産卵 植物 上 で 休息 する 傾向 か ある . 

Table 3 に は モン シロ チョ ウッ ウ が 休息 し た と き の 植 物 と を の 回 数 を 示し て ある . 世代 ご と に 雌雄 の 休息 回 
数 の 比率 を 比較 し て みる と , S-1 の 傾向 が 読み 取れ る . 

S-2: オス は メス より も 高い 位置 で 休息 する . 

Table 3 の 第 3 グル ー プ は 白っぽい 植物 で も 産卵 植物 で も な い が , オス が 多く 休息 する の は 丈 の 高い 植 
物 , メス は 低い 植物 の 傾向 が ある . そこ で , 雌雄 各 1 個体 で 休息 位置 の 高 さ を 測定 ( 目 分 量 ) し た 例 を Table 
4 に まとめ た . 同じ 植物 (アカ ザ , C. album var. centrorubrum) で も S-2 の 傾向 が 明らか で ある . 

S-3: REOR, オス は メス ょ より ゃ も 花 に と ど ま る 時 間 が 短い . 

吸 蜜 植物 に 関す る 情報 は Table 5 に 集め た . 吸 蜜 し た 回 数 CV). と 総 時 間 О) に 分 け て ある . 各 世 代 の 
も の を 総合 し て 平均 吸 蜜 時 間 CD/V, 右端 の 欄 ) を 出す と , S-3 の 傾向 が 認め られ た . 詳し く 見 て いく と 
S-1, S-2 の 傾向 も 存在 する . 

5-4: 飛翔 (FL) の 継続 時 間 は , ЖЫЛ A, 非 産卵 メス え , オス で 大 きく 違い , また , メス の 越冬 世代 (G+) 
で は 第 一 , 第 二 世 代 OG, GO より 長く な る 傾向 に ある . 

Fig. 2 に 飛翔 の 継続 時 間 の 分 布 を 示し た . RERA СЕР), 逃避 飛翔 (ЕР, 移動 飛翔 (Wf) の 3 つ は 記 
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録 紙 か ら 分 け て 取り 出す の が か な り む わずか し い の で , Fig, 2 で は 混ざっ た まま に な っ て いる . オス の 飛翔 
の 大 半 は Ff な の で , 30 秒 以 上 の も の が 多く , 非 産卵 メス で は , あま り 動 く 必要 が な い の で , 短い Wf が 多 
いと 考え ん られる. 産卵 メス で は 産卵 植物 へ の 移動 が や や 長い Wf を 必要 と する .「 吸 密 っ 飛翔 」 (Fig. 2 右 ) 
の 場合 は 「 休 息 一 飛翔 」(Fig. 2 左 ) の 場合 より 花 か ら 花 へ の 短い 移動 を 含む の で , 分 布 は 左側 に 偏っ て い 
る . メス の 越冬 世代 の 飛翔 時 間 の 長 さ に は 春の 植物 の 少な さ が 関 連 す る と 考え られ る . 

5-5: 飛翔 オス は 白っぽい 物体 に 引き 付け られ る . 
飛翔 中 の オス は , 枯れ 葉 ・ タ ン ボ ポ の 綿毛 ・ ネ ギ ほ うず ・ ビ ン の 白い 蓋 な ど 白 っ ぽ ぱい も の に 興味 を 示し 
て 近づき , と き に は ちょ っ と 触っ た りす る . 

5-6: 個体 間 行 動 を みる と , 若い 個体 は 飛翔 中 の 反応 が 多く , 老齢 個体 で は 休息 中 の 反応 が 増え る . と く 
に , 老齢 え ス で は 尻 あ げ 反 応 (Ае) が 増加 する . 

Table 6 は , 個体 間 行 動 の 観察 回 数 を 日 齢 別に まとめ た も の で ある . 追尾 (Ch/), 被 追尾 (/Ch), 回 転 
(Су), LARA САР と いう 5 飛翔 中 の 行動 , お よび , 飛び 立ち 反応 (To), 傾き 反応 (Le, 尻 あ げ 反 応 
(Ае), RAC RUG (Wd), は ば た き 反 応 (Ft) と いう 休息 中 の 反応 は , それ ぞ れ 雌雄 と も 日 齢 を 7 日 で 
分 ける と , 違い が 出 て くる . 

S-7: 上 昇 飛翔 (AD は 若い 雌雄 に よっ て 行なわ れ , これ が 若い メス の 羽化 地 か ら の 移出 に つなが る も の 
と 考え られ る , すなわち , 若い メス は 老齢 メス より Af を する の で , 定住 的 な オス に 追い 出さ れる 格好 と な 
る . 

Af の 情報 は Table 7 に まとめ た . ず 11 を 除く と , 雌雄 と も Af を し た 平均 日 齢 は 3.6 日 で あり , 時 間 ゃ 
午前 中 が 多い . 表 の 右側 は Af の 前 後 の 行動 の 流れ . Cho Af > FL の 形 を と る こと が 多い . Ek, Af の 
あと 視界 か ら 消 えた 4 例 も 示し て ある (> oversighted). 

S-8: メス は , 接近 し て くる オス に 気づか れ な く と も , BRAC Wd) と 傾き 反応 Le) を する . + 
ス が 気づい て 25 cm 以内 に 接近 する と , メス は 尻 あ げ 反 応 (Ае) に 切り 替え る . 

休息 し て いる メス に 頻繁 に 見 られ る 3 つの 反応 が 引き 起こ され る 距離 を Table 8 に 示し た . 3 つの 反応 
に 属さ な いわ ず か な 動き (twitching) と 反応 が ある べき 距離 の 無 反応 (no response) も 示し て ある . Wd 
と Le DADES Ае と 全く 違う の で , どちら の 反応 に すべ きか 迷う 場合 も ある と 考え られ る . 不 完全 な 
反応 の 例 を ( ) 内 に 示し た が , Де の 不 完全 な も の は 完全 な も の より 遠い 距離 で 生じ て いる の で (中 央 値 , 
5.4 cm: 19.3), 判断 の 迷い が 現れ た も の と みな し た . 

5-9: 個体 間 行 動 が 生じ る 上 顔 度 は , 3 つの 世代 と も オス の 場合 の 方 が メス より も ずっ と 多く , オス の 活動 
性 の 高 さ を 物語 っ て いる . 各行 動 型 の 頻度 を 世代 で 比べ る と , 総 個体 数 の 変化 (G,。 <<<G」=G。) と 必ず し 
も 一 致し な い 場 合 が ある . G, と G。 の オス の 行動 に 差 が ある と 予想 され る . 

個体 間 行 動 で は S-8 で 見 た よ うに 日 齢 で 影響 が 出る の で , 少な い 老 齢 個体 デー タ を 省き , 世代 間 の 違い 
を Table 9 ( 不 活動 時 の 個体 ) と Table 10 (飛翔 時 の 個体 に 分 け て まとめ た . 各 世 代 の 比較 は , GOB 
察 総 時 間 を 1.00 と し た と き の 比 を 他 世 代 で 出し (Table 9, 100 п), それ で 観測 数 を 割っ た も の GEM 
内 の 数 値 ) で 行なっ た . Ek, 総 観測 数 に 対す る % で も 比較 し た . 

S-10: 交尾 中 に 接近 し て くる オス は 交尾 時 間 を 引き 伸ばす 原因 と な る が , 飛来 する オス が 少な いう ち 
は , 交尾 オス の は ば はばたき 反応 (Ft) は 追い 払う 効果 を も つ . 

交尾 に 関す る 情報 は , 1976 年 の デー タ が 少な か っ た の で , 1980 年 に 同じ 北大 構内 , 1981 年 に 長崎 県 北 松 
浦 郡田 平 町 で 追加 し た も の を 一 緒 に し て Table 11 に 示 した. 交尾 を 邪魔 され た 指標 と し て , は ば た き 反 応 
の 回 数 (NFtD, 結合 飛翔 に 飛び 立っ た 回 数 (Nbf), 結合 飛翔 の 総 時 間 (Dbf) を 調べ た が , 交尾 時 間 CDC) 
と の 相関 係数 は NFt が 最も 高かっ た (r=0.9055).、 し か し , МЕ が 25 以下 の 18 例 で 相関 係数 を 出し て 見 
Hk, r ニ 0.2825 と な り , は ほとんど 相関 は な いと いえ る, これ を , 25 以下 な ら は ば た き 反 応 が 飛来 オス を 追 
い 払 っ て いる 結果 と 解釈 し た . 

Fig. 3 の 写真 は , SUZUKI et al. (1977) が 報告 し た スジ グロ ン ロ チ ョ ウ の 「 求 愛 ホ バリ ング 」 に 似 た も 
の と し て 掲げ た . 







































































NII-Electronic Library Service 


The Lepidopterological Society of Japan 


The Adult Behavior of the Japanese Cabbage White. II 75 


S-11: メス は 多く の 卵 を つぎ つぎ と 広い 範囲 に た 産ん で いく が , G。 の メス で は この 傾向 が 弱く な る . 

17 個体 の メス の 産卵 に つい て は Table 12 に 示し た . 1 時 間 当 た り の 産卵 数 CA), 1 回 の 産卵 行動 (ED 
に 費やさ れ た 平均 時 間 (В), 1 時 間 当 た り の E ОЖ (С), 1 回 の E に 産ま れ た 卵 の 平均 数 (D), 1 時 間 
OD "ZHI, OM CO を 調べ , А と B-E と の 相関 係数 (CC) を 一 番 下 に 示し た . C と D の 間 は 。 
1 回 の Е 中 に 産ま れ た 卵 数 (1 -14) T, それ に 相当 する 1 時 間 当 た り の 例 数 で ある . 

1 回 の で 1 個 し か 産ま な いと きよ り , 20, 3 個 と 産む 場合 の 方 が 相関 係数 が 高い . つま り , EI を 始 
め た と き , 何 個 も 産む 個体 の 方 が 多く の 卵 を 産 や よう で ある . また , А, В, D に つい て 世代 の 集計 の と こ 
ろ を 見 る と , G。 の 数 値 が G』, G」 と 違っ て いる . 

以上 の 5-1-5-П を 踏ま を る, 総合 考察 を し て , Fig. 4 に 仮想 的 な を ン シ ロ チョ ウ の 生活 を まとめ た . 

オス の 生活 は ほとん どす べ て 「 メ ス 捜 し 」 に あて られ て いる . し か も , で きる だ け メ ス に 近い も の に 引 
き 付 けら れる た め に , メス の 次 に よく 似 て いる オス 同士 で 引き 合う こと に な り , これ が 前 か ら 知 られ て い 
る 「 オ ス の 定住 性 」 に つなが る も の と 考え る こと が で きる , 

一 方 , メス は 交尾 の と き オ ス に 出合 うだ け で よく , 交尾 以外 の オス を な る べく 避け る よう に し て いる ., 
OED, 「 オ ス 避 け 」 ま た は 「 交 尾 避 け 」 生 活 で ある . そし て , 若い メス は 上 昇 飛翔 CAD で オス を 避け る 
傾向 に あり , その 結果 メス は 羽化 地 を どん どん 離れ て いく こと に な る . そし て , 老齢 に な る に 従い , RD 
げ 反 応 (Ае) で オス を 避け る よう に な る の で , 新た な 生息 地 に 落ち 着く こと に な る . 

この よう に , オス の 生活 と メス の 生活 が 組み 合わ さっ て , メス を 初め の 生息 地 か ら 移動 さ せる と いう 構 
造 を 作り 出し , それ が , すばやく 多く の 卵 を ば ら ま いて いく 移動 中 の メス の 特性 と と も に , 不安 定 な 環境 
を うま く 利 用 する モン シロ チョ ッ ウッ の 生活 を 構成 し て いる , と 考え られ る . 

* 
本 論文 で は 学名 が 多数 出 て くる の で , 読者 の 便宜 の た め に , 以下 に 和 名 の 対応 表 (ABC 順 ) を 掲げ る . 





Angelica Miqueliana ヤマ ゼ リ 

Apantelles glomeratus アオ ムシ サム ライ コマ コバ ベ バチ 
Armoracia rusticana セイ ョ ウワサ ビ 

Artemisia vulgaris var. vulgatissima ヤマ ヨモギ (オオ ヨモギ ) 
Brassica campestris Napus アブ プラ ナ 

Brassica campestris Rana カブ 

Chenopodium album シロ ザ 

C. album var. centrorubrum アカ ザ 
Chenopodium ficifolium コア カ ザ 

Cirsium arvense var. setosum エゾ ノ キ ツ ネ ア ザ ミ 
Compositae キク 科 

Colias erate poliographus モン キチ ョ ウ 
Cruciferae アブ ラナ 科 

Dactylis glomerata カモ ガヤ 

Dicotyledoneae 双子 葉 植物 類 

Erigeron annuus ヒメ ジョ オン 

Fabriciana adippe pallescens ウラ ギン ヒョウ モン 
Geum aleppicum オオ ダイ コン ソウ 

Glechoma hederacea grandis カキ ド オ シ 
Gramineae イネ 科 

Helianthus tuberosus キク イモ 


Lactuca Scariola トゲ チ シ ャ 
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Leguminosae マメ Ft 

Medicago sativa ムラ サキ ウマ ゴヤ シ (アル ファ ルフ ァ ) 
Monocotyledoneae 単 子葉 植物 類 

Paspalum スズ メ ノ ヒ エ 属 

Petasites japonicus フキ 

Phytolacca esculenta ヤマ ゴボウ 

Pieris canidia タイ ワン モン シロ チョ ウ 

Pieris melete スジ グロ シロ チョ ウ 

Pieris napi nesis エゾ スジ グロ シロ チョ ウッ (北海 道 亜 種 ) 
Pieris napi japosica エゾ スジ グロ シロ チョ ウッ (本 州 亜 種 ) 
Pieris rapae crucivora モン シロ チョ ウ 

Plantago asiatica AAA. 

Raphanus raphanistrum セイ ヨウ ノダ イコ ン 

Rorippa sylvestris キレ ハイ ヌ ガ ラ シ 

Rudbeckia laciniata オオ ハン ゴン ソウ 

Rumex obtusifolius エゾ ノ ギ シ ギン シ 

Sisymbrium officinale カキ ネガ ラン シ 

Solanum nigrum イヌ ホウ ズ キ 

Solidago altissima セイ タカ アワ ダチ ソウ 

Stachys Riederi イヌ ゴマ 

Sympetrum parvulum ヒメ アカ ネ 

Taraxacum officinale セイ ヨウ タン ポポ 

Trifolium pratense ムラ サキ ツメ クサ (アカ ツメ クサ ) 
Trifolium repens シロ ツメ クサ 

Xanthium Strumarium オナ モミ 

Zoysia japonica シバ 
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